Summary.
The gastrin cells of the Japanese quail were studied histologically and immunocytochemically.
Cells reacting with antiserum to gastrin (gastrin cells) were demonstrated by the peroxidase-labelled antibody method and showed brownish cytoplasm. They also were stained argyrophil by the Grimelius' silver method. Gastrin cells were found in the epithelium of the pyloric region and small intestine and not in any other regions.
They were the most numerous in the pyloric region (382.14 cells in the pyloric region has thus been demonstrated.
Existence of the gastrin cells in the gastrointestinal tract of birds has been a subject of controversy. RUOFF and SEWING (1970) reported that any gastrin-like biological activity could not be detected in the digestive tract of chickens. On the other hand, OLOWO-OKOLUM and AMURE (1973) found considerable gastrin-like biological activity in the chicken proventriculus. Although KETTERER et al. (1973) found minute amounts of gastrin-like immunoreactivity in the duodenum but not in other parts of the digestive tract in the chicken, POLAK et al. (1974) described cells showing gastrin-like immunoreactivity occurring throughout the digestive tract between the gizzard and cob-rectum in the chicken and quail. LARSSON et al. (1974) reported that high concentration of the gastrin-like immunoreactivity was detected in the antrum (pyloric region) of the chicken, while the concentration was lower in the duodenum and jejunum.
They also demonstrated immunocytochemically that large numbers of gastrin cells were present in the pyloric region and a few in the duodenum and jejunum. However, gastrin-like immunoreactivity was not detected in the crop, proventriculus and gizzard. This paper deals with the distribution and frequency of the gastrin cells in the digestive tract of the Japanese quail.
MATERIALS AND METHODS
Seven Japanese quails (Coturnix coturnix japonica) were used in this study. The birds were killed by bloodletting and the whole digestive tract was divided into 7 parts, namely, esophagus and crop, proventriculus and gizzard, pyloric region, duodenum, jeju-ileum, caeca, and colo-rectum and cloaca.
Long parts of them were coiled like a discoid. The samples were fixed in cold Bouin's fluid, embedded in with the silver method to stain the endocrine cells (GRIMELIUS, 1968; HELLERSTROM and HELLMAN, 1970 ).
An indirect technique for the peroxidase-labelled antibody method (KAWARAI and NAKANE, 1975) was used in this study. Antibodies were raised in guinea pigs against human serum albumin (YANAIHARA, 1976). The antiserum GP-1302 used in this study had been proved to be specific to gastrin 1-13 and have no cross reaction with other gastrointestinal hormones. The deparaffinized sections were subjected to an indirect technique for the peroxidase-labelled antibody method where the first layer consisted of the anti-gastrin serum diluted 1:40 with phosphate buffer saline (PBS) and the second layer was a peroxidase-labelled rabbit anti-guinea pig IgG serum diluted 1:20 with PBS. Peroxidase activity was demonstrated by the method of GRAHAM and KARNOVSKY (1966) . Controls were run as recommended by STERNBERGER (1974) .
The frequency of gastrin cells was calculated in the unit area (1.25mm2) in each region.
The data obtained were analyzed by various means.
RESULTS
Histologically, endocrine cells were found throughout the gastrointestinal tract but none in the esophagus, crop and cloaca. Both argyrophil and argentaffin endocrine cells were found in the small and large intestines, while only argyrophil endocrine cells in the proventriculus, gizzard and pyloric region.
Immunocytochemically, the cells reacting to the gastrin antiserum (gastrin cells) were demonstrated by the peroxidase-labelled antibody method. Brownish-colored A few gastrin cells scatter in the gizzard side of the pyloric region, but there is no gastrin cell in the gizzard.
B. Duodenal side of the pyloric region and a part of the duodenum (bottom left). There are numerous gastrin cells in the duodenal side of the pyloric region.
The gastrin cells are found more numerous in the lower half of the pyloric A B gastrin cells were recognized only in the pyloric region and small intestine. The gastrin cells in the basal part of the pyloric glands were predominantly oval or pyramidal in shape (Fig. 1, 2) . In the villi of the intestine or in the apical portion of the pyloric glands, the cells tended to be fusiform or spindle-shaped (Fig. 2, 3 ). In the pyloric region, gastrin cells were often seen to reach the glandular lumen with a short cytoplasmic process (Fig. 1, 2) . In the small intestine, it was usually difficult to trace the apical process of a gastrin cell reaching the lumen in a single section. However, by examining several serial sections it was shown that the cells in the small intestine reached the lumen via a narrow neck (Fig. 3) .
By the serial section method, the gastrin cells were found to be argyrophil with the Grimelius' silver method (Fig. 1) . However, the Grimelius reacting cells were not all gastrin cells.
The gastrin cells were more frequent in the lower half portion of the pyloric glands than in the upper portion (Fig. 2 ) and they were found more often in the intestinal villi rather than in the intestinal gland (Fig. 3) . The cells were also found more frequently in the duodenal side of the pyloric region than in the gizzard side (Fig. 2) . No clear regional difference in frequency of gastrin cells was recognized in the longitudinal sections of the small intestine. Table 1 . The number of gastrin cells was a significant difference in frequency of gastrin cells among the above mentioned four regions except between the duodenum and ileum. To compare the relative frequency in each region, the average number of gastrin cells per unit area was multiplied by the length of each region. The figures are presented in Table 1 . A significant difference was observed in the frequency between the pyloric region and the other regions, but not among the duodenum, jejunum and ileum.
DISCUSSION
The presence of a gastrin-like immunoreactivity or gastrin-like biological activity and the distribution of gastrin cells in the digestive tract of birds have been reported mainly in the chicken.
Concerning the frequency of the gastrin cells in birds, however, no reports seem to be available. The present study clarifies immunocytochemically the distribution and frequency of gastrin cells in the Japanese quail.
Gastrin cells of quail were found in the pyloric region and small intestine. POLAK et al. (1974) reported that in the chicken and quail, cells reacting with antiserum to gastrin were present in all regions of the gastrointestinal tract except the proventriculus and caeca. However, there was no mention in their report about the pyloric region.
OLOWO-OKORUM and AMURE (1973) reported a gastrin-like biological activity in the proventriculus of the chicken, and GABE (1972) histochemically demonstrated the presence of the gastrin cells in some birds. However, immunocytochemical studies by KETTERER et al. (1973 ), POLAK et al. (1974 ) and LARSSON et al. (1974 could not detect any gastrin-like immunoreactivity or gastrin cells in the proventriculus of birds. In the present study, gastrin cells could not be detected immunocytochemically in the quail proventriculus.
Although POLAK et al. (1974) described gastrin cells not only in the small intestine but also in the gizzard and colo-rectum, this study demonstrated no gastrin cells in these portions of the digestive tract.
In the gizzard, neither gastrin-like biological activity nor gastrin-like immunoreactivity has been detected (RUOFF and SEWING, 1970; OLOWO-OKOLUM and AMURE, 1973; KETTERER et al., 1973; LARSSON et al., 1974) . Our findings are in agreement with the above mentioned data of the chicken gizzard.
The gastrin cells were extremely frequent in the epithelium of the pyloric region and the gastrin cells per unit area in this region was a hundred times as frequent as those in any other regions. LARSSON et al. (1974) found that the pyloric region of the chicken is rich in gastrin cells, for which they proposed the name antrum for this region. We also comfirmed their finding in the same region in the quail, but could not agree with their nomenclature. Supporting the view of LONG (1967) who stated that the chicken does not have an antrum comparable to that of mammals, we maintain the name pyloric region in this study.
In the quail pyloric region, YAMADA et al. (1978) demonstrated by electron microscopy five types of endocrine cells reaching the glandular lumen through an apical cytoplasm.
In this study, the gastrin cells also reached the glandular or intestinal lumen via a narrow neck. As proposed by FUJITA and KOBAYASHI (1971) the gastrin cells are assumed to be "recepto-secretory cells," which recognize the chemical stimuli of the intestinal lumen with the cell apex. Fine structure of the quail gastrin cells will be reported elsewhere. KOKUE and HAYAMA (1975) indicated that the enhancement of chicken gastric secretion resulting from electrical stimulation of the vagal nerves is not due to the endogenous release of gastrin and that the endogenous release of gastrin does not physiologically control gastric secretion.
The role of the gastrin cells concentrated in the pyloric region of the bird may be an important subject to be clarified in the near future.
